How Does Anesthesia Work?
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One of the most common questions that anesthesiologists are asked is "how does anesthesia work?" Often this question is asked in such a way that makes it clear that anesthesia is perceived as a single entity, one medication or one technique. This is a common misconception among patients.

The question is one that actually requires a relatively long and fairly involved answer. In addition, it is actually an extremely difficult question to answer for many reasons:

1. Anesthesia is not a single entity or a single drug.

2. There are many different techniques that are utilized in anesthesia ranging from local anesthetic injections to regional anesthetics (such as spinal and epidural) to general anesthesia.

3. There are many different medications utilized in anesthesia.

4. There are many different methods to deliver that medication, ranging from intravascular injection to inhalation of medication in gas form.

5. In addition, this question is difficult to answer because in some cases we simply do not know how anesthesia works.

While it might seem impossible to believe that with today's advanced scientific knowledge base and experimental techniques, it is indeed true that the mechanism of many medications used in anesthesia is simply not clear. There are many theories and many people studying the question, but often the good answers simply do not exist yet.

Still, there are some general concepts about what is known that can help with the understanding of how anesthesia works. Let's look at some of the questions that we can address:

What are the types of anesthesia?
There are four broad categories of anesthesia that can be used - local anesthesia, regional anesthesia, sedation and general anesthesia.

What is local anesthesia?
Local anesthesia is the term used when injections of local anesthetic drugs are used to block sensation to a very small and specific area of the body. Again, this if often used in conjunction with sedation for reasons of patient comfort.

What is regional anesthesia?
Regional anesthesia usually refers to the use of local anesthetic drugs to block an area of the body. It does so by blocking a set of nerves that are responsible for the sensation of that area, whether it is the arm, leg, etc. True regional anesthesia does not affect the brain, but it is often used in conjunction with sedation for patient comfort.

What is sedation?
Sedation implies the use of medications to make a patient "drowsy" in an effort to make them more comfortable. It does not result in complete unconsciousness but can result in amnesia (not remembering what happens) and the patient may "fall asleep" for a period of time.

What is general anesthesia?
General anesthesia, in very simplistic terms, implies that medications are used that affect the brain in a way that causes unconsciousness. As a result, the patient becomes unaware of stimulation and pain and does not remember anything (amnesia). Some of the medications used are the same or similar to medications that are used in sedation, but often at a higher dose.

So, how do these types of anesthetic work?
Each type of anesthetic involves different medications and different techniques. Let's look at each one individually and explain some of the basics of each technique...
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How does local anesthesia work?
Local anesthesia usually involves the injection of local anesthetic drug with a needle. There are some other ways of delivering local anesthetic drugs - but currently injection is still the most commonly method of delivery.

Local anesthetics work by blocking nerve impulses. At a cellular level this occurs by blocking sodium channels in the nerve membranes. When sodium is blocked in this way, the nerve cannot conduct an impulse and therefore no sensation can be transmitted. Different local anesthetic drugs differ in their side effects, dosages and duration of action.

How does regional anesthesia work?
Regional anesthesia involves the injection of local anesthetic drugs in such a way that a large number of nerves are blocked. This results in a large region of the body without sensation. This is similar to local anesthesia - but takes advantage of certain attributes of the body in order to have a larger effect.

There are many different methods used depending on which area of the body needs to be affected. Let's use spinal anesthesia, a common technique, as an example. Local anesthetic drugs are injected into the fluid surrounding the spinal cord. The drug is able to spread in this fluid, and therefore a small amount of drug can affect a large number of nerves. A spinal can result in the loss of sensation of the entire lower half of the body. Spinals are often used for surgery on the legs or lower abdominal area.

How does sedation work?
Sedation can be accomplished with a variety of medications. Most of the time, these medications are given through an intravenous line directly into the bloodstream of the patient. Less commonly, inhaled gases or medications injected into muscles can be used to provide sedation. Ultimately, even these forms of delivery depend on the drug reaching the patient's bloodstream and then affecting the brain.

As mentioned above, most of these medications can also be used to give general anesthesia when they are given at higher doses. So the mechanisms of drugs used in sedation are similar to the drugs used in general anesthesia (discussed below). 
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How does general anesthesia work?
This is, as implied earlier in this discussion, still somewhat of a mystery. At the cellular level , there are a number of possible mechanisms and theories of mechanisms that could account for a medication's effect on the brain that results in unconsciousness. The exact details are still unclear.

Without talking about all the details of all the different theories, general anesthetics work at the level of the spinal cord (resulting in relaxation of the muscles) and at different areas of the brain. These anesthetic drugs can be given to the patient either as an inhaled gas or injected into the intravascular line (directly into the patient's bloodstream)..

When medications reach the bloodstream to be carried to the brain, they are also carried to other organs (for example, the heart) and have effects at these other organs as well. Therefore, part of anesthesia is the careful monitoring of the patient in order to monitor and control these other effects.

Each medication has its own effects, side effects, duration of action, etc. Often, multiple types of medication are combined to achieve the desired results in a given situation. The amount of anesthesia that a patient needs is determined by multiple factors and the individual patient's needs. A knowledge of the potency of each medication helps determine how much of each drug to give to the patient.

The potency of an inhaled anesthetic is quantified by its "MAC" or Minimum Alveolar Concentration. The alveolus is the area of the lung in which gas leaves the lung and enters the bloodstream. MAC is defined as the amount of gas in the lungs required to prevent fifty percent of humans from moving when given a painful stimulus like a surgical incision. Intravenous medications can be characterized as to their "equivalent MAC" so that their potencies can be compared to the inhaled medications.

Are there any other medications that are used?
There are other medications in anesthesia that are used to achieve specific goals that assist with the performance of the surgery or are important to patient comfort. For example, sometimes medications are used that specifically block the contraction of muscles, resulting in complete muscle relaxation.

Another example are medications that are often given to prevent the patient from having nausea after the operation. Medications such as this are not required for the patient to be pain-free or for the surgeons to work, but obviously can contribute a great deal to the patient's comfort and satisfaction.

Medications such as these are not always required and may not always be used. If you have questions about what medications are to be used for your specific situation should be discussed with your anesthesiologist or nurse anesthetist.

